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1.0 SCOPE

1.1 Scope. This specification covers the general provisions for fiber optic
cables intended for use in epace flight and critical ground-support equipment {G3E)
applicaticuns.

1.2 FPart npumber. The part mumber shall conzist of the number of this
specification followed by the detail specificarion slash number and applicable dash
number (see 3.1); e.g. S-311-339/1-1.

©1.3 Cable types. Cables shall be of a flexible, single fiber type, which are
coated with a buffer, provided with braided strength members and covered by a
protective ourer jacker. Cable types shall include tultimode and single mode
fibers, step and graded index profilea and loose and tight buffers.

2.0 APPLICABLE BOCUMENTS

2.1 'The following documents, of the issue in effect on date of iavitarion for
hid or requear for proposal, form a part of this specification to the axtent
specified herein, :

STANDARDS

MILITARY

MIL—-5TD-2002 - Teat Methods for Electronic and Electrical Component Parts

MIL-STD-794 - Part and Eguipment, Procaduras for Packaging and Packing of,
Defanse Logistic Services Center

DOD-STD-1678 - Fibar Opties Test Methods and Instrumentation

Ocher Publications

Handbook H4/HE - Commercial amd Govermment Entity (CAGE) Handbook
ASTM-E~595~77 = American Society for Testing Materials (ASTM) Standard Tesr
Methods for Materials Outgassing in Vacuum
ETA-455 ~ Electronics Industry Association (EIA) Standard Test

) Procedures for Fiber Optic Parts {as specified}

2.2 Copies of documents. Coples of military and federal documents should be
obtained from the appropriate contracting activity, or as directed by the
contracting officer., Other publicacions are available through the preparing
organizations, libraries, or other information services.

2.3 Order of precedance, For purpaose of interpretation, in casa of
conflicrs, the following order of decument precedence shall apply:

{2} Derail specificaticn. The detail specification shall have
precedence over the general specification.

(%) General specification. This specification shall have pracedence
over all docyments listed io Z,1.
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3.0 REGQUIREMENTS

3.1 Detail specification. The individual ¢able requirements shall be as
specified herein and in accerdance with the applicable detail specification.

3.2 Classification of requirements, The requirement classifications herein
are gs follows:

Regquirement FParagraph
Qualificacion 3.3
Identification 3.4
Materials 3.5
¥isual Examinations 1.6
Performance 3.7

3.3 {Qualification. Fiber optic cables furnished under this specification
shall be products which have been granted qualificatiom approval by the Goddard
Space Flight Center (GSFC). Approval shall be based on the product having -passed
the gualification inspecrion requirements of this specification {(see 6.3).

3.3.1 Qualification by similarity. OQunalificarion way be granted on the basis
of similarity to cables which differ only in minor details from those submitted for
qualification testing. (ualification is contingeat om the degree of similarity, as
determined by the GSFC,

3.3.2 Loss of qualification. Qualificatien shall be withdrawn following any
change in the design, processing, materials, or quality coatrol procedures, which
in the opinien of the GSFC significantly departs from those used on the qualified
cable. 1In addition, gualification may be withdrawn as a result of discrepancies
noted by the GEFC, the procuring activity, or for failures experienced in equipment
which are atrributable to the manufacturer's product. The manufacturer may apply
for requalification of Lthe cable after it has been demonstrated that satisfactory
measures wére faken to cerrect the conditions leading to the loss of qualification,

3.4 Identificarion.

3.4.1 Fiber optic cable identification. The cable identification consists of
the part number (see 1.2) and the date-lot identification (see 3.4.2).

3.54.2 Date-let ideatification. The manufacturer shall ke reaponsible for the
assignment of a date and lot identification code which will reflect the wear and
week of production and the memerical order of the lotsz produced during the week of
production. The @SFC shall be provided with the key to the date—lot code. Once
astablished, the mamufacturer’s date-lot identification shall not be changed
without notifying the GSFC.

3.6.3 Identification marking. Each cable and packaging (see 5.3) shal! be
permanently and legibly marked (or tagged) with the cable part number and
manufacturer’s code designation in accovdance with catalog in Handbook H4/HS.

Color is optiona! but shall be contrasting te the cable jacket. Cables failiag to
meat all of the requirements of this specification shall net have the defined cable
identificatien. 4ll cable marking materials shall meet GSFC outgasszing
requirements (sea 3,7.9)
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3.4.3.1 Abraszion resistance. When cables are tested as specified in 4.7.19,
the marking shall remain legible and cable shall pass visual examinatiom (zee 3.6).
This test is notr raquired when the marking is under a elear jacket,

3,5 Materials, design, and ceonstruction. Gables shall be of the materials,
design, construction, and physical dimensions as specified herein and in the detail
specification (see 3.1). Materials that outgas excessively in & hard vacuum shall
not be used., The cables shall be uniform in sppearance and free from cracks,
scratches, and other defects which may reduce serviceability. Materials shall not
affect the enviromment, 2nd toxic matarials shall not be used. Cable design shall
be such that adequate protectiom is given to the fiber in normal assembly, test and
usae.

3.6 Visusal exsmination. When cables are exsmined and tested as specified in
4.7.2, cables shall conform with all requirements of this and the derail
specification. The cables shall show no evidence of defects or damage such as
cracks, breaks, dents, kinks, nonuniformity, abrasions, delaminations,
contamination, imbedded foreign material, nor improper or illegible cable marking.

3.6.1 Dimensions. When cables are examined as specified in 4.7.3, the
diamerers shall e as specified in the detail specificatiom,

3.6,2 Weight. When examined as specified in &.7.4, cables shall have a weight
per length in grams per meter, as specified in the detail specificarion.

3.7 Performance. Unless otherwise specifié& in the datail specification, rhe
performance requirements shall be as specified hersin.

3.7.] Attenuation. When cables are tested as specified in 4.7.5, the maximum
attenuation shall oot exceed the value specified in the detail specification.

3.7.2 .Bandwidth, When tested as specifiad in 4.7.8, cables shall meet the
specified limits of the detail specification.

.3.7.3 Temperature Life. When tested as specified in 4.7.7, cables shall meel
the visuazl examination eriteria of 3.6, and attenuation shall not exceed the value
specified in the detail specification.

3.7.4 Tonizing radiation, When tested as specified in 4.7.8, cable
attenuatiom values shall be as specified in the detail specificationm.

3.7.5 Temperature cyeling. When tested as specified in 4.7.9, cables shall
mest the visual examination criteria of 3.6, and attenuation shall-not exceed the
value specified in the detail specificacion.

3.7.6 Moisture resistance, When tested as specified in 4.7.10, cables shall
meat rhe visval examination of 3.6, and attenuation shall not exceed the value
specified in the detail specification.

4.7.7 Twist bend. When tested as specified in 4.7.1l, cable attenvation shall
not exceed the value specified in the detail specification. Visual examination
shall reveal no cracking, splitting, softening, or other surface defects that would
permit jacker penetration.
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3.7.8 Tensile load. When tested as specified in 4.7.12, cable attenuation
shall not exceed the valua specified in the darail specification. Visual
examinarion shall! reveal oo cracking, splitting, or breaking of rhe cable
componants, or =longation greater than 2 percent.

3.7.% Vacum effects {material ocutgassing), When cables are tested as
specified in 4.7.13, material outgassing shall not exceed the limits of 1% Toral
Mass Lossz {(TML) and 0,1% Collected Volztile Condensable Matarials {(CVCM),

2,7.10 TImpact resistance, When ktested as specified in 4,7.14, cable
attenuation shall not exceed the value specifiad in the derail specification,
Visua! examination of the cable shall revezl no cracking, splitting, or other
surface .damage that would permit jacket penetration. Exterior deformation shall
not be considered az a failyre. -

3.7.1! Flammability., When tested as specified in 4.7.13, cables shall not be
flammable as d=fined by the test method. The duration of the after~flame and
diatance of flame travel shall be as specified in the detail specification.

3.7.12 Crush, When tested as specified in 4,7.16, cable attennation shall not
excaad rhe value specified in the deta:! specification, Visuzl examinstion shall
show no cracking, splitring, or other surface damage cthat would permit jacker
panetration, Czble exterior deformation shall neot be ceonsidered as a failure.

3.7.13 Radiation pattern {(Numerical aperture}. When cables are tested as
specified in 4.7.,17, the measyred values for the radiation pattern and calculated
numerical aperture (H.A.)} shall conform to those specified in the detail
gpaecification,

3.7.14 Thermal characieristic. When tested as specified in 4.7.18, cables
shall nat exceed the walues for aktenuation over the rated fempearature range as
specified iIn the detail specification.

3.7.15 Vibration - When tested as specified inm 4,7.20, cable attenuation =hall
not excead the value specified in the derail specification, during and after test,
and the cables shall meet the visual examination criteria of 3.6,

3.7.16 Shock - When tested as apecified in 4.7.21 cable attenvation shall not
exceed the value specified in rhe decail specification during and after test and
the cables shall meet the visual examination requirements of 3.6,

4,0 QUALITY ASSURANCE PROVISICNS

4,1 Respomsibility for inspection. Umless otherwise specified, rhe manu-
facturer is responsible for the performance of all qualification and quality
conformance inspections zs specified herein and in the detail specification. The
GSFC reserves the right to reinspect cables for any requirements deemed necessary
and to designare representatives for in-plant survaillance and acceptance functions
in ¢ennection with procurement of Fiber optic cables to thisz and the detail
apecificarion,

4.2 (lassification of inspection. The inspectien of [iber optic cables shall
be claseified as follows:

(a) Qualification inspection {(4.4)
(b} Qualiry conformance imspection (4.5)

5
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4.3 Inspection conditions. Unless otherwise specified, all tests,
meagurements, inepectlons, and examinakions reguired by this and the detail
specification shall be conducted voder any combinztion of conditions within the
following ranges:

{a) Temperature: +18% to +30°C (+65" to +B6°F}
(b} Relative humidity: 30 ro 80 percent
(c? Barometric pressure: 24 to 31 inches of mercury

4.3.1 Optical messurements. Optical measurements require speclal procedures for
proper termination of cable and fibers, All cable fibers to be tested zhall have
their acceptance angle fullvy filled (light power across the fiber cross-section
shall be wmiform) and all cladding modes shall be stripped at the input end of the
test fiber, Cable ends shall be Eerminated with the appropriate comnectors {ssze
3.t

£.3.2 Precautions for persomnel safeky. Care shall be raken when connecting
and handling the sharp fine diameter glass optical fibers te prevent skin puncture
or eye damage. Also, direct and magnified viewing of the optical port while it is
transmitting light emergy ie not recommended. Use of eye protection snd filters is
recommended.

4,4 Qualification inspection. Qualification inspection shall consist of the
examinations and tests of Table I, Inspections shall be perFormed on cables
produced with equipment and procedures normally used in production. Groups T4 and
IB rasts and examinations shall be performed before Groups II, III, or IV. The
sequence of tests within each Group shall be as shown in Table I, and shall be
performed on all specimens assigned Lo the Group,

4.4.1 Sample. The sample length of each cable Lype submittad for
qualification inspection shall be a mipimum of 100 meters,

4.4.2 Specimen. Tnless otherwise specified in the detail specification, a
gpecimen shall be a 10 meter length of cable taken from the sample {see 4.4.1),
The specimens shall be caken from the sample length following the Group IA tests.

4.4.3 Qualification rejection. The failure of the ssmple length to meet Group
14 requirements, or a failure of any specimen, shall be cauwse for refusal to grant
gualification,

4.4.4 Diaposition of gualification sample and specimen units. Cables
subjected ko qualification imspection (destructive tests) are not acceptable for a
contract or otder.

4.5 Qualiry conformance inspections.

4.5.1 Inspection of product for delivery, Inspectiona of product for delivery
shall comsist of Group A inspections of Table 1I. Any product which fails to meet
arty of rhe rest and examination vequirements of Table II shall be rejected and
shall not be delivered on the order.

4.5.1.1 Inspection lot. An inspection lot is defined as that producticon Tunm
of continuous eable length from which the product for dalivery will be drawn.

&
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TABLE I. Qualification inspectica.

Ho. of samples Requirement Task
Examination or teat or apacimens gra ranh o ara h
to be tested P Erap paragrap
Croup IA Entire sample
Group A inzpectiomn - - = = = < Table II 4.5.1
Radiation pattern - = = - — - = 3.7.13 4,7.,17
Bandwidth — = = = - — - - - - - 3.7.2 4.7.6
1/
Group TB 1 apecimen
Flammability - =~ - -~ - = = - ~ 3.7.11 4.7.15
Vacuum effects, outgassing - - 3.7.9 4.7.13
Abraszion resistatce — - - - - - 31.4.3.1 4.7.10
Group II 3 specimens
Thermal characteristicg - - — — 3.7.14 4.7.18
Temperature cycling — - - - - - 3.7.5 4.7,9
Ionizing radiatiem - - - - — - A.7.4 4.7.8
Temperature life - — — = = - -~ 3.7.2 &.7.7
Group IXI 3 zpecimens
Moisture reslstance — — — — - ~ 3.7.6 4.7.10
Twist-bend - = = = ~ — =« = = = 3.7.7 4.7.1]
Group IV 3 specimens
Vibration — — — = = = = = = -~ - 3.7.15 4.7.20
Shoek == = = = = — = = = = = = 3.7, £.7.21
Tensile load — = = = — - -~ - = 3.7.8 4.7.12
Impact - - = = = = = = = - ~ = 3.7.10 4.7.14
Crugh — = = = = = — = = = = = = 3.7.12 4.7, 16

1/, Separates, unterminated sesments of the specimen shall be assigned to each
Group 1T teat.

TABLE II. Group A inspection.

Requirement Test

Examination or test
parageaph paragraph

Visual examination - - - - - — - 3.8 4.7.2
Physical dimensions — - — = - - - 3.6.1 §.7.3
Attemuation — = - = = =« - - - — - 3.7.1 4.7.5
Weight =- = — = = = = = = = = — — 3.6.2 4.7 .4
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4.6 Documentation and data submittal.

4.6.1 Required records. Fiber optic cables manmufactured under this specifica-
tion shall be supported by suitable records showing compliance with specified
requirements. The manufacturer's quality assurance persounal must certify the Eest
and inspection results, and this fact should be indicated on the cable
certification record by means of inspection stsmps, signatures, or cther approved
methods, Recerds shall be linked to a specific Eiber opric cable lot by type
deaignation and lot-date code, The manufacturer shall certify that each fiber
optic cable meets all applicable specification requirements, A copy of this
certification shall accompany each shipment, identifying the cables and types so
certified. The manufacturer shall prepare the required documentatriom, The
original iz retained by the manufacturer.

A.6.,2 Document cross-referenced. All doecumencation, whether retained or
submitted by the manufacturer, shall be cross-refersoced to the applicable comtract
or purchase order. :

4.5.3 Record retention, All racords pertinent to a specific cable shall be
retained by the manmafacturer for a minimum of 3 years.

4.7 Test methods

4.7.1 Preparation of specimens and samples. Specimen and sample cable lengths
of each type cable shall be serialized, Serialization shall be maintained through-
put all tests and examinaticns {see 3.1).

4.7.7 Vigual examinarion (see 3.6)}. Visual exsminations shall be performed in
accordance with Electronics Industry Association EIA-455-13 standard to verify that
cable design, constructiom, marking and workmanship are in acceordance with the
requirements of 3.6. Visual examination of the cahle jacket shall be made at high
paower 1llumination under three—power magnification, and confirmed umder Cen-power
whenever results at the lower magnification are uncertain or there is evidence of
deficiencies that reguire preater resoclution.

4.7.3 Dimensions {see 3.6.1). Cable dimensions shall be measured in
accordance with ETA—455-13, Micrometer metheads shall be used te verify jackaer
diameter limits specified in the detail specification. A minimm of four
messurements shall be made on each cable length, in propertiom te cable length.
Fiber measurements shall be made a2t the cagble ends,.

4.7.4 Weight {see 3.6.2). Cable weight shall be decermined per unit length in
grams per meter. Scales shall be accurate to 5%,

4.7.9 Attenuation {(see 3.7.1). Cable attenuation shall be tested in accord-
ance with EIA-455-46 and EIA-455-50 except that the launch conditiensz shall be as
apecified in EIA-455~33. Test data shall include cable lengkh, measurement valwues,
accuracy and telerances. Cable lengths for qualification inspectien shall be the
lengths specifiad in Table I, The length for quality conformance inspectiom shall
be the length of the cable to be delivered.
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4.7.6 Bandwidth {see 3.7.2). Cables shall be meazsured at 25°C in accordance
with EIA-455-30 or EIA-455-51 and as described herein. ©Cable length shall be the
entire sample length, per Table I.

4.7.7 Temperature Life (see 3,7.3). <Cables shall be tested in accordance with
ELA~455-4, The test temperature shall be the maximum rated value. The time shall
be 2,000 hours with attemuation measured (see 4.7.5) at 25°C initially and at 500,
1,000, 1,500 and 2,000 hours of test.

4.7.8 JTonizing radiation {see 3.7.4)}, <Cables shall be tested in accordance
with ETA-455-49, axcept that the attenusation measurement shall be per 4.7.5.
Cables shall be exposed to a total dose irradiation of 1 megarad{%i) from a cobalt
60 gamma ray source. Radiation shall be incident perpendicular to the cable axis.
Attenuation shall be measured (see 4.7.%) at interim dose levels of 2K, 5K, LUOE,
50K, LO00K and 1 megarad{3i}. Dose rates shall be 50 radsfmin up to and including
10 K rads total dose and 500 rads/min at greater than 10K to 1 megarad (§i).

4.7.9 Temperature cycling (3.7.5)}. Cables shall be tested in accordance with
El4—455-3 and ag described herein, A single chamber shall be used, rate of
temperature change shzll be 10°C/min and the temperature shall be over the rated
range (gee 3.1). Attenuation measuremente (see 4.7.5) shall be made during and
afrer the tests gnd visual examination performed afrer the tests,

4,7.10 Moisture resistance (see 3.7.6}. Cables shall be submitted to the
meisture resisbtance test in accerdance with DOD=5TD=-1678, method 4030 and as
described herein. Attenuation weasurements {(see 4.7.5) shall be made during and
afrar the tests and visual examination performed after the tests,

4,7.11 Twist-bend (see 3.7.7). Cables shall be tested in accordance with
EIA-455-91. Tlnless otherwise specified im the detail specificatien, the number of
cycles shall be 2,000, Attemuation (see &.7.5) shall be measured during and after
the test and visual examination periocrmed after the test.

4,7.12 Tensile load (see 3.7.8). The cables shall be mounted in euch a way
that the load may be applied axially per EIA-455-8%, The load shall be applied
gradually, A suitable device shall be used to measure the load to determine
conformance with the limits aspecified in the detail specification. Attenuation
(see 4.7.5) shall be measured during and afrer the test and visval examination
per Formed afrer the test,

.7.13 Vacuumm effects {material outgassing) (see 3.7.9). Cables shall be
tested as specified in ASTM-E-595-77 for Total Mass Loss {IML) and Collected
V¥olatile Condensable Materials (CVCM). The segments of the cable tested shall
include portions of the identification marking.

4.7.14 Impact resistance (see 3.7.10). Cables shall be tested in accordance
with EIA-455-25 and 2z described herein. Attenunarion [see &4.7.%) shall be measured
during and after the test and visual ezamination performad after the test.

4,7.15 Flammability (see 3.7.11). Cables shall he tested in accordance with
POD=5T0=-1678, method 3010 and as described herein. When s¢ tested, the duration of
thhe afrer-flame and distance of flame travel shall be measured.
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4.7.16 Crush {see 3.7.12). Cables shall be subjected to crush teats ig
accerdance with EIA-455-~26A and as specified herein (compressive strength),
Attenuation (see 4,7.5) shall be measured during and afrar rhe erush test and
visual examination shall be performed after the test.

4.7.17 Radiation pattern {see 3.7.13). The cables shall be measured in
accordance with EIA-455-47 and as specified herein. Gable length shall be the
2atire sample length, as ragquired in Table I,

4.7.18 Thermal characterisciic {(see 3.7,14}, Cables shall be tasted in
accordance with DOD-STD-1678, method 4010 and as specified herein. The cables
shall be measured for attemuation (see 4.7.5) at 25°C and at 20°C inerements to the
rated temperature extremes.

&.7.19 Abrasion resistance. Cables shall be rtested in accordance with
EI4-455-6% and a8 specified herein, At the completion of the tests, cables shall
be examined a2s specified in 4.7.2 and meetb requirements of 3.4.3.1.

#4_.7.20 Vibration {see 3.7.15}. Cables shall be suybmitted ro vibration tests
in accordance with EIA-455-11. Peak acceleration shall be 200. Attenuation (sse
4.7.5) shall be measured during and after the test. Visual examinations shall be
made after test.

4.7.21 Bhoek {sec 3,7,16)}, Cables shall be submitted to shock tests in
accordance with EIA-455-14 Cond. A and as specified herein. The shock shsll be
applied perpendicular to the light transmissiom axis. Peak accaeleration shall be
50G, Attenuation (see 4.7.5) shall be measured during and after test., Visual
examinations shall be made following the test.

.0 PEEPARATION FOR DELIVERY

5.1 Packaging. Cable packaging zhall be in accordance with Level A reguire-—
ments of MIL-STD-794 and as specified herein. CGables shall be packaged in
individual polypropylens film packages. The wanufacturer shall be responsible for
packaging fiber optic cables in a manner which prevents degradation, contzminatica,
detarioration, or physical damage, and for ensuring the packages have a safe
delivery and are in good condition, The manufacturer shall be responsible for any
damage bto or detericration of the fiber optic cables resulting from faulty or
improper packing, preservation, or packaging, and shall replace such fiber optic
cables with acceptable cables without cost to the GSFC or to the procuring
activity.

%.1.1 Cable ends. Cable ends shall be protected from contamination snd damage
hy capping, or other suitable means.

5.2 Packing, Packing (handling and shipping of external containers) shall be
in accordance with Leve! C of MIL-STD-794.

1G
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5.3 Marking., Unless otherwise specified, in the detail specification, each
reel or specl shall be marked with the lengths of the individual continuous cables
wound thereon, In additiom, interior packages amd exterier shipping contalners
shall he marked with the following informaticnm:

CABLE, FIBER OPTICS

Specification part Mo, {(e.p, 8-311-339/i-1)
Length of cable in meters

Iate of manufacture

Name and address of manufacturer

6.0 NOTES

6.1 Data address, When supplemental dara, reports, or information requests
are to be transmitted to the @SFC, the following address shal! be used unless
otherwise specified:

Parts Branch, Godes 311
Goddard Space Flight center
Greenbelr, Maryland 20771

6.2 Ordering data. Procurement documents shall specify the following!

{a) Title, number, and date of this and the applicable detgail
specification

(b} Fiber optic cable part numbar (=zee 1.2}

6.3 Qualification provisions. With respect to products requiring qualifica-
tion, awards will be made only for products which have been approved by the GSFC
before the time set for opening of bids. Information pertaining to qualification
of products may be cobtained from the activity whose address is listed ia 6.1.

6.4 MNotice. When the GSFC drawings, spacifications, or other data are used
for any purposze other than ia connection with a dafinitely related GSFC procurement
operation, the United States Covernment thereby inecurs no reaponsibilicy nor any
obligation whatsoever; the fact that the GSFC might have formulated, furnished, or
in any way supplied the =aid drawings, specifications, eor other data is net to be
raegarded by implication or otherwise as in any manner licensing the holder or any
parson or corporation, or eonveying any rights or permissiom to manufackure, use,
or sell any patented invention that may in any way be related thereto.

6.5 Definitions. Definitions of terms shall be in accordance with
DOD-5TD-1678.

Custrodian:

Parts Branch

Code 311

Goddard Space Flight Center
Gresnbelk, Maryland 20771
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